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College of Chemistry Mass Spectrometry Facility at the University of California, Berkeley. Inductively coupled plasma optical emission spectroscopy (ICP-OES) was performed on a Perkin Elmer Optima 7000 DV ICP-OES in the Department of Chemistry at the University of California, Berkeley. Inductively coupled plasma mass spectrometry (ICP-MS) was performed on a Perkin Elmer Sciex Eland DRCII ICP-MS in the standard mode at the Earth Sciences Division, Lawrence Berkeley National Laboratory. Standard solutions for ICP containing Gd were purchased from VHG Labs (Manchester, NH).
Absorbance measurements were obtained on a Cary 50 Bio UV-visible spectrophotometer (Varian Inc., Palo Alto, CA) or in a SpectraMax microplate reader (Molecular Devices, Sunnyvale, CA).
Dibenzyl 4,10-bis(2-tert-butoxy-2-oxoethyl)-1,4,7,10-tetraazacyclododecane-

1,7-dicarboxylate (2).
In a dry Schlenk flask, 1 (5.65 g, 12.8 mmol) and K 2 CO 3 (5.32 g, 38.5 mmol) were combined in dry THF (150 mL). To this was added tert-butyl bromoacetate (5.68 mL, 7.50 g, 38.5 mmol) and the reaction was stirred at 65 °C for 36 h.
The reaction mixture was cooled and filtered. The filtrate was dry-loaded onto SiO 2 and purified by flash column chromatography (SiO 2 , 10% EtOAc/hexanes to EtOAc) to yield a light yellow oil (7.63 g, 11.4 mmol, 89%). 1 S4 (1.5 g, 10 wt. %) was added to the solution and the flask was evacuated. H 2 (1 atm) was added to the flask via balloon. The reaction continued to stir for 3 days, and the H 2 was replenished as necessary. The Pd/C was removed by filtration over celite on a coarse frit and the filtrate was concentrated to a brown oil. 1 H NMR showed some evidence for starting material, so the oil was redissolved in EtOH (150 mL), more Pd/C was added (0.5 g), and again the flask was put under 1 atm of H 2 . After 24 h, the reaction was complete. After filtration, concentration of the filtrate and trituration with hexanes, the product was isolated as an off-white solid (8.75 g, 21.8 mmol, 95% 
2-(7-((6-((Bis(2-(ethylthio)ethyl)amino)methyl)pyridin-2-yl)methyl)-4,10-
bis(2-tert-butoxy-2-oxoethyl)-1,4,7,10-tetraazacyclododecan-1-yl)acetic acid (7).
Compound 6 (0.845 g, 1.09 mmol) was dissolved in dioxane (15 mL) under N 2 . 0.4 M NaOH (5 mL) was added to the solution and the reaction mixture was heated at 50 °C for 5 h. After cooling, the pH of the solution was adjusted to ~ pH 7 with 0.1 M HCl(aq).
The dioxane and some of the water were removed via rotary evaporation. 
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with PBS. Following trypsinization and centrifugation, the cell pellet was resuspended in 150 µL PBS, of which 50 µL was taken for determination of cell number and the remaining 100 µL subjected to relaxivity measurements.
In cellulo phantom imaging. Cells were grown to confluence in 10 cm diameter TC dishes and treated with Cu or BCS as appropriate. Cells were washed three times with PBS and then incubated with Gd complex (1 h, 500 µM), before being again washed three times with PBS. Following trypsinization and centrifugation, the cell pellet was resuspended in 300 µL PBS, placed in an Eppendorf microcentrifuge tube, and phantom images obtained as described above. 
